CELL PHONE PRIVACY AND UNOBTRUSIVENSS 



INTRODUCTION 

L Field of the Invention 

This invention relates to voice transmission systems, and more particularly to 
voice transmission systems rei^ricting the ambient area spatial dispersion of the voice. 

2. Background of the Invention 

Telephones are an essential part of modem societies. Privacy and noise issues 
related to phone usage have not been of great concem. However, as society now 
transitions from wired phones to wireless ones where phones are more and very often 
used in very public forums, these issues are of growing concem. Currently there is an 
exponential growth in the use of wireless phones. The use of phones, especially wireless 
or cell phones, in public forums results in: 

Non-private phone calls - those people in close proximity can Esten to your 
conversation; and 

Obtrusive or intrusive noise - A phone call being made in close proximity becomes 
undesured backgroimd noise; being forced to listen to another person's conversation due 
to the fact they're in close proximity to yourself. Calls taken in public gatherings such as 
meetings, theaters, classrooms, churches and synagogues, museums, libraries, and 
restaurants, can be particularly mtrusive. 

3. Prior Art 

Berger and Jones in U.S. patent no. 5,526,41 1 cancel the local broadcast of a 
person's voice by introducing a phase-inverted signal (the 'Negative" of the person's 
voice) via speakers in close proximity to the mouthpiece of the phone, Berger and Jones 
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describe a voice transmission system incorporating active sound cancellation to reduce 
the radiated voice signal of the user: in essence they endeavor to provide conversation 
privacy throu^ cancellation of the person's voice using active signal processing. As the 
person speaks, an inverted cancellation signal (a cancellation signal derived from the user 
voice signal) is applied to a configuration of nearby (close to the person's mouth) 
actuators (Le. speakers). This cancellation signal is intended to reduce the radiated fer- 
field signal of the person voice: in essence providing privacy in possibly public 
scenarios, as an exanq>le. 

A problem with their design is that the cancellation signal corrupts the 
transmitted signal being sent over the telephone infrastructure. In other words as the 
person speaks his or her voice signal will be transmitted to the caller on the other end of 
the phone, though "corrupted" by the cancellation sound being emitted from the actuators 
(i.e, speakers) and picked up by the telephone. 

Another problem with their design is uniformity of non-obtrasiveness. Radiation 
of the person's voice pattern is omnidhectional (ie. traveling m all directions) and the 
voice signal will have varying characteristics such as magnitude and phase depending on 
the geophysical position relative to the source signal. In other words the person's voice 
will appear different standing behind the person verses standing in front of them. 

Berger and Jones also claimed that their system will provide the user with 
"complete privacy". WMle in theory this may or may not be con^letely true, in practice 
active noise cancellation will reduce the target noise source, however usually not totally 
elindnate it. The patent alludes to the feet that it's a timing issue in regards to 
transmitting the voice signal over the telephone circuit. It's not as simple as transmitting 
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the voice signal over the telephone circuit before being used for cancellation. The effect 
of the cancellation signal itself needs to be accounted for in the transmission path. 

In the Berger patent, the same cancellation signal is sent to all of their speakers. 
In view of the directionality of voice, this leads to inq)roper cancellation. 
SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a "clean" voice 
transmission signal, that is an "uncorrupted" signal, in the transmission line of a 
telephone system having a spatial sound cancellation feature. 

A fiirther object of the invention is to alleviate privacy and noise issues more 
effectively in voice tr^smission systems. 

Another object of the invention is to provide apparatus which can be an external 
attachment to the phone or incorporated within a phone handset itself. 

The objects of the invention are achieved by the use of a signal processor which 
too receives the "corrupted" voice signal and removes from the transmission Hne the 
electrical signal component generated by the microphone in the telephone mouthpiece in 
response to a voice cancellation sound emanating from actuators or speakers spherically- 
disposed about the microphone. This action by the signal processor may be enhanced by 
sensors spherically-disposed at a greater distance than the speakers about the microphone. 

Thus the device and method enables the transmission of a "clean" voice signal 
while accommodatuig the alleviation of the privacy and noise issues. 

Also the device and method more effectively deals with the privacy and noise 
issues. They do this by reducing more precisely the radiated speech pattern emanating 
from the person using the phone. The device, in a retrofit design, attaches to the base of 
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the phone in close proximity to the telephone mouthpiece. It consists of spherical 
configurations of arrays of actuators and sensors approximately four inches from the base 
of the phone, and of a signal processing xmit attached to the arrays or incorporated into 
the phone itself The actuators cancel the speech pattern emanatmg away from the phone. 
The signal processor and the spherically-arranged far-field sensors precisely guide the 
spherically-arranged actuators or speakers. The device can he integrated into new 
phones, 

BRIEF DESCRIPTION OF DRAWINGS OF A PREFERRED 
EMBODIMENT OF THE INVENTION 
These and other objects, features, and advantages of the invention will become 
apparent from a reading of the following description of a preferred embodiment of the 
invention, \^en considered with the attached drawings v^erein: 
Figure 1 is a diagram outlining a system incorporating the invention; 

Figure 2 is a diagram outlining a telephone system physical con^onents in a user context, 
and showing a preferred embodiment of the associated voice input and far-afield sensors 
and cancellation actuators (speakers) in relation to the user and the phone; and 
Figure 3 is a logic diagram showing how the cancellation signal is subtracted from the 
voice signal to be transmitted to the other party, by the signal processor which outputs 
also to the cancellation actuators after receiving not only the "corrupted" voice signal 
from the phone microphone but also mputs from the far-afield sensors. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

OF THE INVENTION 
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Referring now particularly to Fig. 1 of the drawings, there is shovm therein a 
voice cancellation system Iwhich interfaces with a voice transmission system 8. The 
voice transmission system 8 may be a wired or wireless phone or other voice or sound 
transmission mechanism The voice cancellation system 1 includes mput sensof(s) 
(microphone) 2, a signal processor 3, an array of cancellation actuators or speakers 4, and 
an array of far-field sensors 5. While Figure 1 shows con^onents at a conceptual level, 
the actual physical hardware arrangement may vary, given that technology often 
incorporates or integrates fonctionality within smgle Integrated Circuitry (IC) chips. 

However the arrays of sensors 4 and actuators 5 is intended to indicate the need 
for multq)le sensors and actuators in spherical configurations. They may or may not be 
actually disjoint in physical layout. The far-field sensors 5, commonly referred to as error 
sensors ia the signal-processing field, could be microphones or any other sensing devices. 
Real Time adaptive signal processing algorithms 3 which generate cancellation signals 
based on iiq)ut sensors and fir-field sensors, are well documented in the field. Hardware 
as well as software solutions that implement these algorithms are commonly available. 

The voice signal 7 includes the person's original voice, some form of the speaker 
4 output fi-om cancellation signal 10, and any backgroxmd noise. For exarqple, when a 
person's voice is recorded by way of a common microphone, the remlting recording 
includes the person's voice as well as all the background noise. 

The voice cancellation system could also include a background noise cancellation 
con^onent (not shown in Figure 1) which could fimction to reduce the background noise 
which is transmitted along with the person's voice. The adaptive signal processing 



algorithms used for cancellation of background noise are very similar to those used for 
voice canceflation herein defined and are litewise well documented. 

One possible implementation of the signal processing is defined by the flow 
diagram of Berger and Jones in US Patent 5,526,421. But there are a whole host of 
possible processing methodologies that could be used, including pure analog processing 
rather than the digital signal processing defined m patent 5,526,421. As previously 
mentioned numerous algorithms and methodologies exist and are well documented that 
effectuate cancellation signals given input sensor data. 

As Berger and Jones mention in US patent 5,526,421 much of the activity in the 
adaptive signal cancellation field has centered around cancellation of background noise. 
For example such systems have been used in the automobile industry to make the internal 
cabin quieter by canceling the extOTial road noise. These adaptive algorithms have and 
continue to be us^d in cancellation of source signals as well: for example, in reducing the 
emanated noise from a military helicopter to make it less detectable by opposing forces. 

Signal procei^ing and adaptive cancellation has been around for years and the 
associated mathematical algorithms are well documented and used in quite a few 
products in mdui^ry today. Where once a system such as the one described here would 
have required custom hardware and would have been too big to commercially seU, today 
technology exists which makes this novel concept feasible and marketable. 

In today's technology: 

■ Noise cancellation algorithms exist - output can be even more than just an inversion 
of input signal; 

■ Actuators (speakers) exist; 



■ Sensors exist; 

Processor speeds are sujB&cient, particularly if the algorithm is siir5)le as m 
inversions; dedicated devices could be used if very con:^lex algorithms are needed in 
particular situations. And processor speeds are ever increasing. 

The voice cancellation syj^em 1 is also shown for convenience as including, but 
not necessarily so logically or physically, a modulator 14 to which the detected voice 
signal is also fed. It should be noted that the transmitted voice signal is partially derived 
from the signal processor 3, and not exclusively from the detected voice signal 7, being 
the detected voice signal as cleaned by the signal proce^or 3 via the modulator 14. 

Figure 2 shows a preferred embodiment of the actual physical layout of the input 
voice sensors 2, of the far-field sensors 5, and of the cancellation sources {actuators or 
speakers) 4, in relation to a person's head 6 and associated phone. The configuration of 
the sensors 2 and 5 and actuators or speakers 4 is important. The input voice sensor 2 
must be located in close proximity to the person's actual mouth. The cancellation 
actuators or i^eakers 4 form a spherical array pattern about the person's mouth and are at 
a greater distance from the mouth than the voice sensor 2. These actuators 4, which may 
be miniature speakers, cancel the person's voice in the space extending away from the 
phone mouthpiece where the input vice sensor 2 is located. 

The far-field sensors 5 are situated i^herically about the mouthpiece but at a 
ferther distance from the mouthpiece than the actuators or speakers 4. They serve to 
detect how well the cancellation actuators or speakers 4 worked, and to feed back error 
signals to the signal processor 3. For exaniple, if a large error is detected at a fer-field 
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sensor, then the corresponding actuator in the area may need to emit a larger cancellation 
signal 

A person's voice will be greatly reduced in the vicinity of his or her mouth by the 
sy^em. Thus he or she will not be able to hear their own voice as they normally would. 
Part of how people talk is a reflection of how they hear their own voice. 

Therefore, a representation of the person's voice is sent by the signal processor 3 
to the phone receiver's speaker 15 so that the sound of his or her voice is emitted from the 
ear pie(^ of the phone. Otherwise the person would instinctively raise his or her voice to 
compensate for the reduction ia the heard sound of their own voice, negating privacy and 
raising intrasive noise.. 

Figure 3 diagrammatically depicts how the voice input signal 12, which is 
"corrupted" ouQ)ut from the input sensor(s) 2, is used to generate the transmitted "clean" 
voice signal 9, As previously stated, from the signal 12 is subtracted some form of the 
cancellation signal 13 derived from the signal processing algorithm wherein the resulting 
output signal 9 is then transmitted out to the recipient person or other party. 

As previously indicated, the input voice sensor(s) 2 detects the person's voice 7 
vMch contains the true voice, the background noise, and some form of the cancellation 
signal Then the detected voice signal 12 is sent to the signal processor 3 and to the 
modulator 14, The signal processor mathematically combines the input signal 12 with 
the far- field signals 5, and outputs the voice cancellation signals 10 to the actuators or 
speakers 4, At the same time the signal processor 3 also sends a subtraction signal 
relevant to earlier voice cancellation signals, to the modulator 14 to remove 
representations of them from the transmitted voice signal 9 downstream of the modulator. 



It will be appreciated that system 1 operates in real time to transmit a "clean" or 
"uncomipted*' voice signal 9 while effectuating conversation privacy to a user 6. Signal 
processor 3 output cleans the "corrupted" voice signal 12 by receiving the "corrupted" 
voice signal 12^ and the output of far-field sensors 5. Other signal processor 3 outputs 
feed the actuators or speakers 4 to effect spatial voice cancellation, and the phone 
receiver speaker 15 to meMe the user to properly hear his or her own voice. 

It is important that the actuators or speakers 4 and the fer-field sensors 5 be in a 
spherical array configuration about the mouthpiece microphone 2. The signal emitted 
from each speaker of the airay will be tone and strength varying; e.g., the weaker s 
directly m front of the person's mouth wiU emit a stronger signal than those lying behind 
and aside the pej^on's head. 

While applicants have shown and described a preferred embodiment of the 
invention, it wUl be apparent to those skilled in the art that other and different 
applications may be made of the princq)les of the invention. It is desired therefore to be 
limited only by the scope or spirit of the appoided claims. 



WHAT IS CLAIMED IS: 
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